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(54) SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device wherein the breakdown strength at an element 
peripheral part is higher than that at a drift part without a 
guard ring or field plate. 

SOLUTION: Related to a vertical MOSFET, a breakdown- 
strength structure (element peripheral part) 20 has a vertical 
parallel pn structure where a vertical n-type region 20a and a 
vertical p-type region are alternately jointed repeatedly 
between a surface and a drain layer 1 1 around a vertical drift 
part 22 of the vertical parallel pn structure. The region 20 is a 
non-electric path region in an on-state and is depleted in an 
off-state. In the off-state, a depletion layer expands in both 
directions from a multiplex pn junction surface to deplete not 
only external direction but rear-surface side, not limited to 
near a p-base region 13a, resulting in higher breakdown 
strength at the breakdown-strength structure part 20 than 
the drift part 22. 
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Ky 7 HJWjWSStWp n«ai**4K2S 
ftU »E»ita5©^P n ^ w5 ^ 

tt«*K««« t-cv^iwai 2 ««s««-e» h y 
[ 0 0 2 8 ] * z ^ mmmmn* 1 k y 7 

h ffit:« Oil*. 2 *mS!**«r«S8« 

1-6*4 < 4 1 1 1©* 2 «ss^)E y 
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Sot. MBflEfc*H6w 
[0029] r^-e, «2WMMSr-/i r »TlttWI 

t, *2»«ffl«SEyv^tS^bL"CL*lr\ $Ey 
roJFttWMM'IW** 2WB«KW>TIMWMEJ: 9 *> 

[0 0 3 0] *38W?tt, fflEfcitgRWaWJ p n 

fc^ 2 «taotaftWJcw*t»Et«iM-** 2 »m 

"[0 0 3 1] tU. |lliHfc«Sttli:»Mt*S 
feR»t5ifc* J fl*U\ SS2«ffi(Dllte£»E«iiS5 

# , * fc P n ¥k o s Lmmmmmx-nbixx 

m<o% 1 £iBflKff 1 WE©***** H «"<-* 

aa*** 4 ak mmm&<»mwm v y 7 h« 

U\ 4fc, »ffl«IW»lllillHiK»WW*«* 
[0 0 3 2] #36^ro»ftttKT«5l f 

Jg K y 7 hSS©J5l 0 1 iffii: ffi&tnl <k ©fflKftfc 
fct SWEflliiaM\ »«©W**i«ilteiSlt6K«* 

1 motmi: . «sow»*rtKB*"*"*«wii 2 * 

!- . ffi 1 sasflnsis » x ^ * •> * /v * fi,a 

tfv&tfJS 2 mws&^&to* tyiZhWiM 
ttft!w£t Lfc*Ki&©35 1 <n*!&mK&RXf% 2 ©^ 



MHWMl^^ LTg&ttK*A+$lSi: - 

[00 33]--^ HE»iMW>JMi P n 

«Si»* 1 &f* 2 ©*&^*A&©&^*>» 

Etsitsw^ p nflntjeat^sififfln* 1 

*«IIMMrjMS<46»?. RE»36«W>»E**** 
riti-'S # «H©JR 1 fttflR 2 ©THHMIAK©* 5 S L 

* »«« Ky 7 hasro^ip n*a*»*i v< #«B* > 
$ 1 at; is 2 ©=fjis8!*a&©» y 1 u f ? ^ictt lik 

9)p n »itlw]tL^WtiaSa*«< ««« KEw« 
[0 0 3 4] SijcoSiii^fti: L-CJi. * 1 ^Sl^lSiS 

»«fifl)3p«*'f *yw£ffifti*«A+6 ^ *t* 2 9 

ic^Abfc^*6^ti!Sii£»^*t. mmmmu 

tariS:1tiai:t-5„ *l»*ffl5F«««:a!lRW(cW 

©^ 2 ©*HW*A*©*-«*t«l 5 S t tT y f # K 
y 7 msoJWp nWtfc^JW^Iffl©*^^* 

(MPUB»»+**«* " 1 u tf y ^ lctt 
HEl»it»»JfcWp n«at Ky 7 hffOlfcMp n«a 
i:li^^»S* ! »S^I-<44i« w - »E«ifi»»St 
jq p n «WW)II 9 38 1 if y ^ tr K y 7 HB «> it W p n * 

*s^lgtt ft* J: 5 r t *s-C^ «©t?. »E 

[0 0 3 5] 

[?s^wiiffi«^«g] uTtmmmmmm 

W^nS^XttiEILSr^tyrtt 
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[0036] [mm) 01 (a) itmmmm 

1 CffiiKfcMOS FETKfctt* ny 7 HB'atlWE 

matatstw^iBH. 01 (b) itBii (a) fro 

A -A' »fc»oTfl!rLfcfctt** - raffiH-e*>6. 
ftfc, 01 (a) -CI1K!)7 h»Xlffiffi1*it»«>l/ 
4 U fl9*<t*fc»ttWpn*it» 

[0 0 3 7] *«©nf l t*/H8»MOSFETtt. X 
fl0) h* l/'f 1 8 *5*««tt Lfc«S«W> n + K 

gtB±lcy- hit** 1 5 fctf L-CRlt <bftfc* y f 9 

- /. i. sanu.i9.nt i D . 1-SB1+ 

3 ystvj-y — r i. w t. . /iii«j<um>«^ - — •- 

y 1 4(r*orattt«?tt-*-ay-^ttffii 7 1 

+ y-*tWi4#iK*rtSft**0. 2SififtS 
MOS»**Wtl/Cna. ft^-H^Lftv^MW- 

[0 0 3 8] KWV K!>7M*2 2tt, *34t6J: 
n + h'KVll 1CO-0-7** hU-hro±l-n 

SK!I 7 h'*t&gl$2 2 a iSffiWJW^flfcltfBBB 
« P fittSW* 2 2 b fc Ettft 9 S LT#WS* t 

a It, *n}JWWSM&*>*****fc 1 2 e 

fc, plrottW$2 2blt, t©±«*»p'<-^lW 
13a»? U t «>TW n + K W > 
11 lfc»l/CV*, ft*. Ky7MWH«2 2a* 
tfttBW* 2 2 b <n 1 * h 7 A Si" 61JWI» 
(Pl/2) tKlw?>V^)pnflll-e^tTt»b 
fcv>. Av)>$i&£tt, *«)tt5IJpnfllit«iffi*P' < - 

[0 0 3 9] S«SB5in + KH* Vi 1 1 kOlKX- 
m V 9 7 m 2 2 WBtEttitSR 2 0 1 

It, »«©JM*l«Jia2to+**W»*® n ~ SW 
2 Oat, 3HR©***ftKBfit*i*««»p- 
a^)$2 0 b £&£EI'&9 JlLT#3tg£LTfifc*>£ 

0 0ttM p nf§i£w P n»9 St tfyf- P 2 ItJKJB K !> 
7 h?|52 2(73t?IIpn»lropnil*9SL^y^Pli: 



wx-efca*. HE*a» 2 0 ^ 7 

hffi2 2W^tlS:i , 5 V>ft<> iSl&tfttfto'O' 
5. fcfc, »E»a»2 0ro3t5i|pn«itroIffi»»'i5 
7 l- 0 2 2 <om\ P n 1Sii<0@ S t fc ft o X 

mmmtx^xtrnw. 

»Efflfi|9l2 0ro^5>lpnfllitltI^ (7>-h) Pit 
ffiEfc^2 0##t*rcfc*ri^<b, 

frftK 

[ 0 0 4 0 ] ftfc, »E$&95 2 0 Ott* P n *3l<0rt 
HOpnll9«UM2 0Ai:K!J7h»2 2©*5llp 
n «aopn»9«UIH2 2Bt#WltXV^t# 
(w, j»Ej*iSSl5 2 0 roSfc?!] P nfltiiWrtfl!ll-ttfi1"5 n 
S««2 0 a aWgffii KJJ7 KBOttWpnUll 

©tawfcttn** pattwt«t2 2 b b nmstm 

■kLX^Z* 

[00 4 1] 2 0 <0$M P nfflit^Sffi-tl- 

it. mmRtfs&wtzM^ wamxtmw 

(PSG) A»b«5BHI« MfeSwS) 25 « 5 w 
KS*fC^«. ft*5, y-^fflf 1 7I41IBWMI1 9 

*SllTi89. 7-f-/vK7V-htfC't>&ffiL-C^ 
[00 4 2] ttEttltt 2 0 flttfl P n*aw*Wil= 

it, m<o**%fo^®^* mnnmmm 
mmiAffEMistvc^i. si (a) i^^i"^^ 

K, r<Onffi®SfexffiiSlfi«2 4 0lffiltft^«JWn 

P n»9jgt«iS2 0BlwS5«!U-Ci/>5. *fcni!(6S 
InB^iS 2 4 it, k n y«i l 8 i isim<4ro 
MHHi2 6K:«U twWF^^l 

[0 0 4 3] *lw*^jrott^l-ov>-ClliWt5. b 
H®1 1 6 (cM^rojEroHte^Pliint^ k , n f-r*A' 
SMOSFETB^i^Wlfcft!), y-h«S118il 
-propAt-^^l 3 a rogESI^SSHiSScJl^ 

s 1 8 k y-^effi 1 7 i 

[0 0 4 4] ^-h®«Bl6^WjEwmffi«^* 4 
t M0SFETIt^7^fii:ft*). P^S* 13 
a wgEJil^ie^^*S«5SA s i^t. K v«K 
l8fcy-^«Si7i©M*«»H-*. Stc. z<ot 

2et«B»pn«*J a^b^Wp^-^**! 
3 atff^Wl 2 etI^@^?ltT^bt 
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1 3 a £^LT y-*StsK 1 7 [Zttth\Z.&tit 

+ K W VI 1 1 £ft LT K l"f ^Sffi 1 8 ICS^ft 
lc««l/C^6fc»* tt«MW2 2bfc KJJ7MUHI 
$2 2 a £<7>ffl0>p n$&J b*>e>0S£«* s tt«)W* 
2 2 b t Ky 7 h«l8««2 2 aflJttfcttStSO 
T*> Ky7 h»2 2 0S£fc#JM:*. ftoT, KJ7 

HB2 2^*BE<b^+5Mfc«*nr^sw-e, k»7 
-ess. 

[0 0 4 5] #W0Ky7htt2 20»EE»xfi 

«2 0fcttJt«lpn»a*»***l-CV^. C^JtWp 
n*»0)p- fif(tf2Ob05%. K!»7MB2 2G) 
ifcWp n»xi<Ott$ffi#2 2 b^feJift LfclWMI«tt 
p K-*£g#l 3 afcfrl/Cy-*«Sl 7K«*ttKl 
ttttU ttfl««2 2bittl«L«^p- SW*2 

ftttU *fc#n-a»l«2 0 al*n + KHVil 

KEttit02 0<flp n»£ J c^b*£» tfcSSfl 

fcft, *iBxf-Ky^wH , 7-f-/uK^^ mm 

wj:5«rKy7HB22 oHE»it» 2 offio&ffifflJS: 

[0 0 4 6] *«m KE»i£$2 o torn* 

n fl*®# K y 7 hffi 2 2 ©ttW p n»iS«fc 0 t> 
tfttftftX) #'>4<> *Sttttfc4o"Ci**. 
HEflBS»2 0»Ky7h»2 2J:9t*<eSft 

O^ffi^Jp n»5ft^p nm9SLtryf-P2t Ky 7 h 
Si 2 2 COM^IJ p nfcSflpnUflEUtry^P 1 

[ 0 0 4 7] t fc#Wm RE<S5S» 2 0 <Dlb¥\ P n 
«5|©^ttt«ttl^©nfitt«ttBi»«I«2 4iHE 

**** h y/<-fc LT«ft+<5tf A>9 *\ REfllifiSS 
2 0©ttWp'n1ilW*HliOpn*9BL*B ($®r 
S) 2 OB*Bo"O*60t\ *<DlRHiVi1fif'y7to# 

Ky7HS2 2 0jtWpnflBtWjHB«:K^> f « 

So rOnafi«ttB««*2 4B^i"f L !/^fliBK 

[0 0 4 8] W:. ±Km* 1 ©»a*ifet:ttWt 



6. *f. 02 (a) ICnHIBK. n + Kl^Vll 

n5!iB16t5troi f ? * v^Hftgrl 3 0 SrllSt*. 
[00 4 9J &^T\ 7* hy y^?74-K:J:0 K!J 
7 h» 2 2 . HEttiMB 2 0Mn lifflSKBclffi* 2 
4fc/i5^£flSH£ffi-£yf-«*lWSA&3 2 a - 
3 2b, 3 2croMlte>ftfc^7*h^*7 3 2£flM 
tS. h*!) 7 hg|i2 2i/il)^#?El© : PMtl 

«AK3 2 B©«-+ftKJtL. msmmioktti^ 

[0 0 5 0] ft^-C, 4*vm*MK-£1 nlW^Mfe 

2 b, 3 2 cBTOxt:-^df->^^fi!cfi:l3 Ortl-P^ 
f 3 4fc*A?«. wit?, $A£ftfc)*©*3 4<7)£ 
tt* tr * * •> t 3 o <z>* 

[00 5 1]^t, h-^^^ 3 2&l»*Lfc 

ft. 02 (b) K*t*<\ K!)7h»2 2fttf*E* 
iggi52 0 i:^5'<#«Efflt? : P^SAS3 2 a, 32 b 
W^ftgKP- tV^*&^*A&3 7a, 37b 

t, Ky7h»2 2fc4*'<#*B© 3 F«**A!B3 7 

Wtl«AS3 7 bOS-i-fttt*gS5t1" 5. 
[0052] *^-c, ^5t-yttAffii-i'9 pSro^tt* 

X'hl* *y 3 5 SrftALT ^«*»A« 3 7 

a, 3 7 bBT0*^*->*>W***3 0F^lw*9^ 
Jg^3 6S:#At5. #A*nfc*7#W : f3 

6 0«BJ:!HWl«a«>** H2 (a) 
oP»AXair02 (b) (D*!7^SAlSi:«^%e> 

[0 0 5 3] -tUT, «*4ft*Bffi^?^K*C ± 

*SUEfc**»>5+ (02 (c) ) . ^-a^'f^^ttA 
iSrofc»»^jie»*ASroffiSttS?lHl»^jseife«Af. 

W*f+**«l3 0, 3 0, 3 0fc««U:*. -t 
^i£ft(Ofc«)i04l@©xf^*->t/^*l3 O^rSI 
■tS. #xtf^^v' J r^*)i3 0Wgl¥li^U<t 

[0 0 5 4] @2 (d) l^t$D< < SifeS 

IC J: -5 T#x f ? * f + 3 0 KM A cf ^Tttii 
thkmi* 4 i*7*JK* 3 6 ifcWKfK-*»tt 

*SCil»**, K!l7H»22eiBttinfiOKy7 
hSK««2 2 a i p2!T{ySfl^2 ? h . Stffiff^SB 
2 0C*Jlt«n~ SlfitS20aip- SW«2 0 

b. RtfnffllS«ttH««*2 4t:iaiflHw««-r5. - 
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£ A>&, »EPJt« 2 0 lUfctf p n 
■Ctt. p n«£S-4 ! iSmfl®<0!&£ J ^ t£ft*fi®#ffi 

[0 0 5 5] rwis, 4l@»3:^^->t/^5S3 

»**Stt«**»ritU 2I«*SM0SFET** 

HSi- -safe^J p n«**nSMHHIBMIW*2 4 a«£ 
[0 0 5 6] w r -CW*.tf» WE600V * 9 *WMO S 

{t#®#2 2btt, ^<«^»S* 5 2X10 18 car 3 , * 
£ (1ft) #50/«i. « (1W *5<ii. WEfllitaS2 
0©»2fl!)ttWpn«3H*. Wt&«£A s 5X10 l « cm 

*y£A®fc<7>i/4-efc*, 

[0 0 5 7] H3ttSfcWpn»aoT«<h»*fc«fC 
MOSFET»?iBESr->*5 >3^Ufc^*** 
U SHE (Vdss) ©JfeJiJpnfciefcfeMt 
ft^fcSW-WtH-CfcS. «W*ltt?iJpn«ii<0*!? 
MMKtttSWME©** (lOO%-e*?*tiS<a* 

s. 

[0 0 5 8] «*tf. Y97bU22nimvnWAt 

mmmu 2 0 <om\ p n 7 m&tm^ 2 x 

10' 5 an" 3 JS»St2X10 18 en" 3 T-fcS 

o««#ife*«ffl1-*»fc. WW********* 

b * !>5t5»SlC*H-5)»itSWtb^70%~130% 
•Cii, »E#iK)400Vfcgfl;*5. 

(£<tT5xio i " en- 3 hemmi; 

*»*©tt!i*70%~I30%1?HU iSEiO»kA 5 20VSt 

itaf unit * tm&m-ommmx- 

4 0 *£iSf»«ri 5 2xi0 ls ca" 3 <7)jS£t5X10 l « 
cm" 3 <0»£"b. WE (*J880V) AJJCfctft^-fc* 4 



WEfcitflS 2 0 C)3£?l| p n»n?tt»E*5+» 
»»*n-CJ39, K!l7h»2 2©St5flpn«l*-efl)B 
E GK880V) <t 0 tKHET'fcoX, **»Etth*y 
7 MflJ2 2ro3t?lJpn»JSW»Et*#U"C^5. P^ 
-*ffi$l 3 a ro?*/H£®^'bn + K W 1 1 

J$l 3a(0!?i/Hilffi^?>n + K U"f ^1 1 1 

p n*a»SS«iHME»** { tt< 
Sfot, KJI7 htt2 2a*afc0Jpnfcii»*S't>REfl! 
a»2 0tttJ«lpnflR6i:fC*Jirt-5i:. »E»it» 
2 0 OWE* 5 K !> 7 h«5 2 2 WIRE * •> i*# < ft * fc 
tt, h* y 7 h^ 2 2 p nttH<OftS{ta 5 SS i ft 

[0 0 5 9] imm) 04 (a) H*JBWO««« 
2 irffi*»»?MO S F ETIwfcltS K !l 7 hSiSS.tMiE 

siitast^tas^^isa, H4 (b) bh4 (a) to 

A- A' *i::fior*WLfcWB**t«iBHt?*>«. 
B4 (a) -eH:Ky7h*01/4t*m»»"e 

^ttfcs. *fc®4ic*5v>-c0it^as^i:P)-as 
[0060] mmm\ i to*a±»*^i*. be 

2 0©3tMpn»5t»pnlHJiiUtryf L P2 
it h'y 7 hSlS2 2ro^)p nSliiWp nHOiSL-fyf" 

»E<»itas 1 2 0 O&JIJ p n«iS©^«***l* K y 7 

T\ WESIiSas 1 2 0 W3t?iJ p n jiitWiHEli K ^ 
a!2 2<Dt?i]pn«iiroSiEJ: l 3t*#<^^ **» 
ff «r»E«»»©»ffi^*» 5 r i: *ST*# 5. 

[0 0 6 1] ±E**« 2 roKig*!*Sr!liS^t 
5„ *-f, 05 (a) IdjjH-ftK, n + KW^H 

li/iS^tn Sro(£}£tt^*ftS*W±tcf5 1 1 1 © 

[00 6 2] l^V>t?, 7* Ky y^77^-|wj;i9 h'y 
7 hSS 2 2, WEtSgasi 2 0fi.O ; nS(Sl£tnfflJiSS« 

2 4i4$'<#mHC*fl**^* 32a ' 32b ' 3 
2cOBBlte>nfci'^ 3 2«r»*t*. 
T. h*y7haS2 2t45'<#«5iO ; T : ^*^ 32 

©5p#fii»*AS!3 2 bOStf 
[0 0 6 3]*H-e. -ftVftMBtiOnfiO^W* 
T?fc5fill''i-> / 3 3*ttAU-C=F«**MB3 2 a, 3 
2 b, 3 2 cSTOxf^#->Y/^S:S3 Ortt^lS 
^3it»A"f*. — 9A$tifcpEi : -3 4ro« 
(Wkt-fr) i**tf#*i'-r^ft«3 0«)« 

[0 0 6 4]ftv^f, U-v 5 ^ h^^^ 3 2|rl^itfc 
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1. 125 (b) ic^tJn<. vy7hU22W®m 

itffil 2 0ifcV«*ttHT*K1lll»AS3 2 a, 3 2 
b©*nttIfc**t*J*A*3 7a, 3 7b©88lt<bti 

fci,c;^h-?^^3 7*^t5. rr-ct, h*y 7 h 

®3 7 b<0Sfyf-«i|6JEi:t5. 

[0 0 6 5] 9c^-e, ^^yftXttKiOpaoTM* 

?*> 6 * 0 *4 3 5 £&A LTTOHfc*** 3 7 
a, 3 7bBT»*^*'>tA'*ftla0rtC*^* 
IS*3 6fci*A-r*. ww?. **]*?■ 3 

6 ©**««£ (*£f:<K<) f±x * 3 
0O$iJ:t)¥m^iai. fcfc* 05 (a) 
(DmXTUbSS (b) ©*!73&#AIg£lit*te> 

[0 0 6 6] *t-c> s*sn5»ffi^7^iw(Si:, ± 
so x * •> -r /w£*m £ a w^it4%*Aim t 

IS© fc© ©^^AEwftfiiiWil ©^isfite^A® 

!r.»|!:.tb« : *«H-C(i. SB" 3 01* 9 It X. * 
f^^.y^^^jf 3 0. 3 0, 3 0&&JfLfc&> ± 
£ffift©fc© © 4® B Wsf^ Jfi/^^fiEfiJl 3 0 

[0067] u»$*. 05 (a) cs+ftK. 

C ± oT#ifn->^H*SI 3 1 KSASilTttii 
SftfcPK* 3 4 fc * PUB* 3 6 k fc|JWfc-*IIMft 

Wit****. Ky7h»2 2Kfcf7*naoKy7 
h«BWft2 2 a t pfi©ttWW*2 2 b, »Et»i£S5 
1 2 0IC*3lt6n- $#20a£p- gi#2 0b. 

mmmmmmmn 

[0 0 6 8] 4*H©****f t'W**! 3 

0©gffiU:iI£©7't3-fr*lc,fc l 5 p^-^^l 3 a ^ 
©*fflSttW*«MtU 2ltt»ffiMOSFETfc* 
£©J:5fc, frtWti'tA'lWlSOKtt 

[0 0 6 9] C jttt« 3 ) 0 6 tt*389i<0*iSW 3 K# 



[0 0 7 0] *fiH»St»« i fc©t*£-t©ii , ''tt< K E 

pi|g|jgP2 2 0fl5t5l|pnfi}i§2 2 0©p n^ilLt* 
y*-P2#K!) 7 h$2 2W3t5i|p n t*ii©$ 0 58 1 f 
yfP iKltUK<fco-C*5 9, *fc»ffl*l»2 2 0 
<om P ntgitro^»iiS* S K !) 7 h» 2 2 ©»! P 

H«2 40HWMi2 5a»IW**l-C^**^i:. P^ 
1 3 a W^if*fe»a^P + "«**< > 

[0071] Kl> 7 K3V2 2 co3fe?'J P ntSiat WEfiliS 

*r 2 2 o om pnmmt #mmg.m 1 1? p n * 

HE»itf»2 2 0<03fc9i]pn 
fca©5*»pnl**>SUIiffi20A#p'<-*«*l 3 
aC«*UtplW2 0batt, 5 0VW«©Ki"f>' 
- y-* PfliffT-^ S:!* 5 K y 7 h as 2 2 zi^ Y >- 
IHIU-CSiftU WBWIttXWBt6«>-«IEt 
f.-y7hg(S2 2ro^]pn^ii£«lU t 
■efco-Cp^-^*! 3«C«*tTlr^P««2 

0 bbrtif«WC'fce>fcs6, rrog5^ropffl«2 0 b 

[007 21 *W><t5l- 2 

ro^j P n m t smmu 2 2 o <o mi p n 

H«Mtl»«WC-et»» iWffit»iS95 2 2 0«)ifcJI]p n»it 
Wpn»05Stf y^P2dSh*y7b^2 2 0ttMp n 
«H©pn»»lSL^y^Pl±9<>*V^ *52W 

REfoWIBfcfc*. fflEffi)tSR2 2 0©t?iJp 

r©*3fc. »E<(W»2 2 0OJtWpn«a 
ropn »t)iStfs'^P2SrKy7hgi52 2©^lpn 

»56©pn*93gL^y*-P1^5*»*<'*" 6,ctt ' 111 
5 fcjj*1^FlllWIA« 3 2b, 3 7 b ©E f y 
!K)iSAE3 2a, 3 7aO*eyf-J:9t«<t*ltf* 

[0 0 7 3] lit-, ffit/E1«ii?i!2 2 0©n^«2 0a 
CTfE****^. p«R«c2 0 b©^»».!E*-W. I 

1-5 ^2©»Hpn1?|ii2 2 0©«lfi!-^^- 
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£148 w It H <fc ^ft^T*^^ 6 ft 5. 
[0 0 7 4] 
[ft 11 



W= 



- rows:: J: 0 IBEtSitSB 2 2 o <r> ffl\ p n W&<r> n !WK 
2 0aip««20bW«*«rofp*5/h$<)5e4i. » 
/S*itS52 2 OroSfcWp nflliiW^ 5 SS.Si'i?>fc 
tt>, pS, n«OTH»*#<*tftt>J»b6 , f. 
»jggR2 2 0©»Jp nti*i§2 2 0 liHlSfitl i tT# 
ffltSdfcCfcS. ft*, i©»**BE1KM»2 2 0 

[007 5]*W. P* ny^^ h«g)$26*^ 
[0 0 7 6] (SUM 4 ) "0 8 (l**HO&Kff! 4 fctt 

6«mo s f ETC* it a Ky y 

Sr^-f^JpEEI. 09lt08t 3 ©B-B' *li»oT 

$®Ttfc«i**-tt$iTE0-cfc*. ft*, 08-eitKy 

y hmi/tnmfttftt'Xfoh, tfc08Rtf9lw 

[0 0 7 7] *«HiH6XV7C*1-*l|tfll3trofllit 
_h<7)j£Hi, SUE0J3-Ctt, SBJEWitSP 3 2 0 W3fe?iJ p 

&8I53 2 0©JtJflp n»ig*5 K J 7 h«2 2Wt?lJp n 

Wtett UIBiMMBS LfcBIt t fto -c^«*-e*> 
5, RE«igfSl3 2 0<OM£Hp nfc£<0p nHOiSUS 
E2 0 At KD 7 \-U2 2<om\p n«itroft^ffl!lWtt 
§J««2 2bbWlffi (p^-^ffl«l 3 aWjSffi) t 
frmmtZtmZs K!>7MB2 2©afc5flpnflHa©P 
n « 0 S UBB 2 2 A t KEfflttR 3 2 0 ©ifcfl p n SI 
itOrtWCffifitSnSWU 0 a a©J8Bi* s »ttt 
T^*. «f*»*BB-et. MH»it*3 2O0>*2«>tt 
Wp n««O»08ttf 2*» Ky 7 h»2 2©* 

1 ottJdp n^awUffii'^y^P 1 i-ttts*5<fto 

[0 0 7 8] ( jtJfit* 5)010 tt**W©«JtW 5 K 
«5Sf^MOSFETIC*lt5 Ky 7 hft&tffiEfflS 

[0 0 7 9] *W©HE»it»4 2 0 0g* p n*»<B 



0nf$«4 2 0 afttflW8p8lW*4 2 0 b liSGtfl? 
Itt-efc*4 J , tfl9pn«*ttWS* (ttffHSW fcft 
oTlr>6. *fc. nSH6»ttHI««*4 2 4trt«ai* s 

W*8*nS«*4 2 0 a&tf*«p£W*4 2 0 bill 

5 fc* «E«JS»4 2 0»K*roJB2»Sfc 

HI p n W n SS§« 2 0 a fttfft* P S 

®«2 0b(Opn«^sizaB4:ft5 < t5l^/StTt 
fiv^J, fffi»ii$4 2 0tt««I6tflt4<, *7:Wi 
T-$£{kt5ffi^l-l**ft , ' Nfcft > SIft»P n$££ 
ftfc-fr* C £ fc«t *) , WEfltigSfl 4 2 0rt» P n g^ffi 

(jiillt^, (MftfH|!!!fe9 0pn**©llM!tt* 

4. LM>, jHSWl7J£4«K*7 , p*^lw«'«, 

"[0 0 8 0] ^C, iffi»5«^aW 

5. *?, 011 (a) fc*-«D<. n + + KWvB 

1 lifts'** nS««H***#»lW>±e« 11 H 

WnS^StnW^f^^v't^S® 3 OfcflUt 4. 
[0 0 8 1] fci^-e, 01 1 (>>') « 

<D*K«-C*>**K *V 3 3 SrftA L tJW* 3 4 

At5. 011 < c) l-^ 0< ~ 

^97^Hr,fc*) Ky7H$2 2, IffiffiitSfi 4 2 0 i 

ftS^^Kfflf'^^^ 3 2 8 ' 32bW^lt^»ft 
fcU-^h^^3 2Sr^t5. wC-C, Ky7h« 

2 2 i ft 5 ^* «H»^«»*^* 3 2 a ©«■+«: fc » 
OSLtfj/f-tttU »ffi«il«»4 2 0 tft6'<#«5 
BioriCAVAC 3 2 b 9 5S U tT y ^ft* 

5*^#-f*y3 5fcaXU-C^*8*»A»3 2a, 3 
2 b jgTroif^^^-V/^*l3 0rtl-*7t®^3 

6 £»A1"S. 

[0 0 8 2] -tUT, ***fta»E*7*WSX. ± 

ttnfiJFWWAlS (011 (b) ) fttflWRWpffl 
^#Aia (011 (c) ) ^ «EWI9S+ 
(012 (d)') , ^»nSTiWMIA.ia*lKtt 
pl!^^*AISi:li^*>?'^^fe•"^ LT ' bA, ''• ^ 

0^9SUT, if^^^Y/HSftSSO, 3 0,30 

? n zmtZ, *t*-*9 3 o 

[0 0 8 3] UA»5*. 012 (e) K*f>2<, 
Slw i o T#s tf ^ * t /Wfcftl 3 0 IS* A * ft T tt 
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&ZtltM* 3 4 t * **** 3 6 t &m^~$B 

ftKUoT, h*y 7 2lCfcft5 nS!»Ky 7 h« 
5gffl«2 2 a i pl!©tWI«*2 2 b, NEfltififtM 2 
0ICfc»tSn3!B«4 2 0 a. pl®%4 2 0 b . Rtf 

nSftSttHttWjU 2 4#|3!8$lc:J85fifc$*iS. -ftk 

fc5*»e>, *&«3»A&3 2 a<0St-+j£*Sj£< s 
$Afi>H-#£> Ky 7 H9J2 2-Cttp ng^ffi* 5S Ffflffi 
t/,Co-CP5* s , ^jl?S^rol2Wt?l|pn»ii4 2 0 
■?li**6«J*Ai63 2 b»!K-tft* 5 /hS^fc»»i, P n 

«6#ati8tt*&L a»f^*t*»a»i:t««* 

l/CI^S. h*y7 h§152 2CDt9lpn 

itwf yf-p l St16mbT\ RJHSi££lW&?iJp n* 
igroe , y^P2Sr8M«t?»fiK1-64B^, &«*J<fi$>3l 

it. Iffi«aSl5(0M?lJpnflliiW^&&W t MPSlt 
^M'fl2«., 8*.BttlXtffi^. <&U #13 4 
*SR3 6<DY-XEt$:%m,%tU).5X\0 13 car 2 . 2.0 
X10 13 cm- 2 i Ufct&^T*fo5 a 
[0 0 8 4) 4lB«*fc^ i f->*"'j££l3 
0rogS(wa^o7n-fex|^J;*) p"t-*ffi«cl 3 a* 
ro**ffittW«*ii&»*U 2lt£»S!MOSFET*£ 
*W-fc^Tfc. £*f**->-V/H*£Ji3 0 

[0 0 8 5] [Setfi0K 6D 01 3li#36WW*160!l6K 
«6«JBMO S F ETK*rt6 Ky 7 bffifttfiSJEtilit 

r»£ira-»£Cttiai-*iH«F*«:ttu twttwn 

[0 0 8 6] *«C43ft6»JHPIit» 5 2 0 OttW p n 

»jtro P sffl«5 2 0bttiwcit«iu-c*3e)'fs is* 

fc#IK«|j§-Cfc$. *«5fc», n5W*5 2 0 att»f* 
W©*/j:6raMlfc*»BtLTi99, 4**W4**» 

pniSm pn«^*ifi»*fil.T^6Hl0lC* 
•fttJII p n fcitdtSE'*, P 5 2 0 b <0#&gg&# 

[0 0 8 7] r©»ffi»«tt5 2 0<O3fcWpn1Sl$:* 
fi£-f*£t§£it. 151 1 1 1'^-f/F^giAffi 3 2b infant 

44. 



[00 8 8] (HM'I 7)114 lt*JBW WHJfiW 7 |C 
g5S|MO S F E TKfctt 6 K V 7 hgfl&OWKPii 

gfl£'T-ri$rEia-efo6. «e*s, 01 4ic*i^rH7ic* 

t»t8. 

[00 8 9] *Ml-*i^"Crt, 01 3lC*-f**W6IC 
*5»t6»JE«MfiSU5 2 0 ©SWp n»iiro^!Si li# 
fc, lffi$ii2(S6 2 0Wi£?llp nfl$i£<£>nS!1®$5 2 0 

rofcft, pUfiS$6 2 0 bliSJ*(6l<0^4'b-f1jl^l 6 II- 

/i^ffiroWflE*®^ 6 2 0 p n t&gT- fc * fc, P 
ng^&* J K^*l LT^30 1 Olw^-f&fJp nffiitC 
nSffl*K6 2 0 a It 3 P 

[0 0 9 0] ^UT. r«ifffilSi£g|S6 2 0©&?l|p n 

#**©*£»* $ a«t«f ton wkk ut*v *w e - 

P ai||JC6 2Ob^«t#|f0 1 blltU nHM)S!6 2 0 a 

[00 9 1] (ftttfl 8)015 lt**W»**W 8 (' 
^iiWMOSFETKfcft* Ky 7 hffi&tfH£tt& 
flJfc^+ttffiH?*)*. 4#3. Bl5fc«^TH7C* 

[00 9 2] *«S|a)itEflUi«l5»M5"J P n» ittt, Sffi 

OtiifcWfXI*«»Ufc«WpHII«7 2 0 b fc** 

0OS»dpn1(ia«>pnll9SUtrs'^P2ttK!l7h 
g|52 2WBl©S?llpn1»igWpn»i9)SLf-y9 L P 1 

J:9t/h*k\ MWpSIW7 20 bttp'<-^W 
1 3aXllKy 7 b$S2 2W*^<OpSft«««2 2 b 

&, «jSnfflW*7 20 al*naHBSttBIMl«2 4ft 

tfflSB 7 2 0 O &?>J P n tSit©* P n jg&ri* ?> ±T^^ 
»ffi»JS«S7 2 0<O*«*sSSft:t 

[0 0 9 3] i«j:5/fflBe©JtWpn«ait. 

i/fft^tBBK^iittXttBlfitt*^ ^yttAt-^M 
«S*if Ai"5A s s ^MtK^^lSSr-^ =f -y-^^/S* 

0at«»pffl«*7 2 0 bt:**i"*. «2»at3Wp 
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n fix nla** 
yftWCJ:*TIMfc»*»Mtt»"e#*. *>B» ^ 2 
©SfcWp ntiitrop n ?>■*•. 
#WWCt»*b*^. fc«. pn*9SW>SBflB 

[0 0 94] (»k0f 9) 0 1 6 tt*J8W»**W 9 K 
ft 6»MO S F E T Id Jolt 5 K y 7 hSB&tfWIEtSii 
BtrSl-JWB-e**. ft*, ■l6K*iV^TB6K» 

[0 0 9 5] B16K*I^-C. »E»it»8 2 0«>l>J» 
!»5grtB*$ttT^ft^* J . Bl 3^01 41^1-^1 

|C_ U/C'^'aW^i^-TP Ki"-^"- • - - 

6. p S^iW^ t n S^fcE&^IS] £B#fc jo J: ^BirS 
**fC^4»*. ZtibvWfitMb* nfi*B*ttE^ 

vM^ttfcfcifiux^asftSBtffcfc^xi. **-t 

ft, »«tt*l*i: rw±5fti«1St7if!S$ 
fl* L< tt 2 «FK± 5 

fcft. <l(tlWiSfc9»pn«*Olinitt*ttWIU 
iMffiflaW&it*. 

[0 0 9 6] ««tt«W©»E»3t« 8'2 0 

[0097] (bxb io) bi 7 rtmmmw 1 

0 Iwft 5SIMO S F E TK*»rt 6 K y 7 HB&OWE 

BitBtsWBB-efc*. ftfc> 0171^x06 

W 14**1-6. 
[00 98] *«©Ky7h»l 2 2£>&?l|p nftig 

e^ 1 * 1 2 2 b *r n ffitt&Wlc 1 2 ?. a frW *} BtffflfiSt 
ftoX^6. «Sk©«RWfttt«pa!tt9IB«l 2 2 b 
ttTBB^ifrS******^^** 1 . i*H*» 
^«Sfet>»bft^. Ky7 h«l 2 2Xl4nS«ilffl*SS 



12 2a W®Wffil9A ! pfittWB* 122b OttttSU 
nS«K«*12 2ai:pSttW«« 

1 2 2 b fcro^W!ft»SA 5 *ii*^«^*>^ ,i ® w * a 
«-Cti*bftV\ SttronS!tt8tR«i 2 2 a p 5Jf± 
g)B*l 2 2b#&9Ht?<fc7ftW^bXt££;tft 

[0 0 9 9]-*, 9 2.0 036511 pntffit 

9 2 0 b fcn3!igi£9 2 0 a Htffcitfcft^X^ 
m. Jt©a-et»*bftV % . P Sffi«9 2 0 bWfr 

Efl*i§8l59 2 0fl5ffi5lJp nfciSflp n|ft!3SUf yf- p 

2 (4, K W 1 2 2 0&yiJ P nfllitro^ 9 3SU t' y 
f-p 1 <fc 9 t3fc< ftoX^5. 0 6 l'*1" KlWEIffjtSli 

OnSWtttfP SB***""" 1, * W<0 
HJ:iCtt*tpSB«9 2 0 b«:»fifc1-5i, 

■«B«i«»2.*B±il*.6fcft. *BEft« ! KfcB* 

[0100] 11)018 (4*38SHW £*M 1 

lK**WSMOSFETfc*Mt* K 9 7 h WRtflBE 
BBHtt^+'FBB. 01 91401 8^(OA-A'- mv. 
f^xm l,fc««**1"BBB, 0 2 0 (40 1 8 *<0 
B-B' j|»tfto-C9JWrUfctt««:*-r»BffB-e*>6. 
ftfc\ «*. B 1 8 T-14 K y 7 hSP<0 1 /4 *#M*tt£ 
WtTfc*. 0 18751 2 0 l^>T0 6Rtf 

[0 10 1] #«K©Fy7 hSRl 2 2«15>lpn1»3iro 

0O*5lJpn»Jt©pn»03gLtfy*P2R^«* 
il«i:I^C-efc6>5^ »EflH»2 0©*ffi«W4Ky 
7 hSRl 2 2£$ l JffitfJ:5l::£l^>p3!&Ey >^2 
0c*»6 r«pfi*ffiy^2 0cttH 

j£t»jtsi5 2 o <nm\ p n »igro#t<o P mm 20^ 
y ^2 0c (DTWfcWEtt p 2 0 b o^nms. 

[0102] KMvm 
ttfejEtKftTV^ Ky7H2 2«5fcMpn»a 
tt^taSftU. Ky7h»12 2A»6»E»it»2 

o^ia4i*«*»i-*. p^Ey^^2o 

ctfftv^ Rfffltt»2 0«)ttMpn«a»5^ 

P ^-^B* 1 3 a CBfttttt Lt^ip §!tS«Z 
2 0bbX(4Y*|p)l^l*^t6troro > 

P^-^HHl3«CBWMIt"Cv^v^pfflB«2 0 
b a tT<73^{tt61-5 fcft 

[0 10 3] tC**, -WASp^-^B* 
1 3 a ICKKKM LTPft^ P^SS^ 2 0 b a 14 p 
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ftWIl L T V » * p ffl«« 2 0 b b K«* 4 ft"C 

t^Sfcfc. pSffi$2 0 b a Wi$ig#tiM¥$ U pS 

?g«2 o b aiiy-^mffi«]iwi^$^eroT-, p®£ 

!*2Oba0)pnt^fcllllfciB'<47Xfc*"K 22 

■e#*. ft*, ®i 9St;2o^ro®j»iiggseas(7)i£ 

tfl'iftt. *fc. pS*ME!lV* r 2 0cl;:J:$MHJI 
tttttt^p ntSlw4®Kffi$ft<mtt > £$©T\ KM 

[0 10 4] #0>J-CI*£fc, pS^Eyy^2 0c<O^F 
**t««ri s p SSi»£ 2 0b <0 <t 9 t « < * o 

y y/2 o c fcSiflsLT*E!» v<fk txmu£< 
ftii^SrittftK 

[0105] 12) 021 tt*%m£MW 1 

2lCff.S8S^MOSFETl;:*ft* KJI7 MSS&tflE 
»»»*»+ J l E BBa. 02 21*02 l*roc-C fcfi 
otW»LfcttffiH-C*5. ft*. 0 2 1 X-ll Ky 7 h 
»©l/4fc»<ltt»-e*UX*6. *fc. 

2 2 K*5^r08 1 8 at; 1 9 

[0 10 6] *«-ett. »E*a»2 0©jfcWp nt&it 
<Dft^gRlinSffiSfitffl^«2 4i:' , i-pT*i'3> I 
Wni![S|gl5iffl«ffl«2 4<0*ffiflaiwlinS!i«ai*W5 1 
+ h y'<- 2 4a jWt&fc £*fCl*6. nS{£1Stft 
mm 2 4 K ± 9 , WEflliiSR 2 0 ©J* 5 S t«SA3 

iSE«i|gIi2 0(Oi|6-+i£«:M<t5ri 
n ®©£tnl2il8Sg# 2 4 Offitt K y 7 h ®S8$# 2 

2 a ro«. *lXf*pfflttWIW2 2 b roWPSJ: "3 1.7<: 

£ < ti w i am* l< , 2i?ei±Asat u\ 
[o i 0 7] tela, *{*JT?fc, P M«Eyy^2 0cro 

5F*fi»»fS;4 J P 2 0b ©TUffi^ifg <fc 9 tfl < ft 
oO^fctf, pS®«2 0bW^bt*l^ p2!$ 
Ey y/2 0 c fc££{fcLT$Ey V^fc LTfflflUe 

(0108] CHJIfJ 13) 023 tt#38W©H!t0H 1 

3 |C#.4SEJiMO S F E TlCfctt* Ky 7 KfflJ&tfWE 
*fi«4:3H-¥ffiH"e*>6. ft*« 0 2 3 fli K y 7 h 
»01/4ft»«»»-C*L-C*5. *fc, 02 3 t* 

[0109] xmm&mmu 9 2 0 its 1 7 <t 

aftttJiJp nflHiftoO^S. r<0&?IJpn Willi, 
£.tgro/54*(6]!wia(6]i-5®rffin«cot±^pSSSfsE9 2 



0 bSrnS««9 2 0 a #69 ffitriffltt ftoO^S. 
ttft©(Hft«fttt*pS!**9 2 0 bll¥ffilSfH^I& 
**tt*LTV*6. ft*- H***«'C'L«*3ft^. t 

u-c, ^i<opii&Ey v^2 o #«t©a^ pits 

«9 2Ob0JJBi««-«*5fc«&3JxT^«. i 
ro±9ftft^pi!IS«9 2 0 b?rtt5^2<0t9i]p n 
*3tPt, #ttttpffiH*9 2 0 bttp'<-^W*Ctt 
6S^8E£ftO*ft^b0W> pSIfclEy ^:/2 0c3r 

[oi io] ft*, *#i-et>, pmizvy-yzoco 
^mw* p sifflts 920b «>7Mwia^ o t* < 

ftoO^fca, p®^«9 2 o bro£2.fc££l", p 

o c tasftu-cjeffy ut^« 

UjKftat^SifcliftK 
[ 0 1 1 1 1 (HffiM 1 4) 024 l4*»WO*16«!l 1 

4 K#68HI2M0 S F E TlC*(t5 K y 7 hffli&Ufffi 

»Jtttfc*+¥iiH"e*>5. ft*, M 2 4 T-U i* >j y h 
SSroi/4Sr^j»SS^-e^trfe6, 02 41c* 

[0112] #0iJ<7>HEtfti£S 5 0 0 <D3t?i| p n jSit 
It. «ROW**ieill!:Brtli-6»iBn»<oattnS!«* 

5 0 0 a ta«©JiS*iailcBl6l1-6»ffiH»»tt*P 
l!ffiilE9 2 0 b t^, %ft,b<DyWzft-fel.&fo<nm2 
*fi|tBiaii-4*«K«*5 0 0 c-c»9B*iifc»a 

ifto-O^. «ScWfit»:6<)fttt^nSffi«5 0 0 a li 
fttt«pHffl«9 2 0 b tsFffift^E**^***^^ 
!S)gc5 0 0 ctt, «6«9ei3lt5^JBfH««:a»»< 

tmkn m^wfa k amfi* k-t* u fc t w i-ffl a 1 1 
KREftftSwtas-ess. ^fc. rro±5ftttt^pl 

^5 0 0 b SlFfiRn iW 5 0 0 a 2 © 

JtMpnlSifefe, «tt«paW*6 0 0bttp'<-^ 

[0 1 13] ft*, P W!J>^20c© 
^14tiiftS* J plMti!c5 0 0 bW^fBti»Si 9 tH < 
fto-rv*fc*. pfiH«5 0 0O**fti*l".. ',2! 

^Ey y^2 o c itZZikLXibE 1 ) v9k vxmi< 
ft<464^5rittftv^. *fcv P ^Ey>^20 

cogffiiiKit:si2 s-c-Sfonx^'SA 5 , pStSEyv 
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/ 2 o c \z&m lx 7 << -n> K7 u- 1- stjk/s u-c t a 

[0114] (HffiM 1 5 ) IB 2 5 tt#B9!ro«S W 1 
5 m ZtmuO S F E T fcUrt 6 K y 7 h Wft tf»E 

»astt»*rs%-r™Bat?*>s. 0 2 5 -pit k y 7 h 

tt©l/4ft«»»»-C*UT«)«. Sfc, H2 5W3 
l^T0 6 W-»»KttH-<W*ff 

[0 115] *0!|©Hffi«a»t:«*t'*3Wlp n«* 
tt, KU7 hfflJ2 2©&?l]p nflHi©iffit-*)Ll®A s 
fc¥ffl/tJ*S*l<OJW»pn«it2 2 0Ai, K!»7 
h ffi 2 2 <n$M p n ait©affifc*t LEffia s *&iI£ LX 
rt5*2©ttMp n«3t2 2 0 B tSrW^tStO^fc 
£ 0 ai©afcHpn»a220A©pn*9SUSffi2 
OA* 5 h'!J 7 t-852 2©t?ljp nf*)t©P n$ySU8 
»2 2At«M*U-C^6i*fc. #S2ro£?iJpn1Si£2 
2 OB©5*>-*5#2 2 0 b©p n»*>i8USffi2 0B 
b * 5 K y 7 hgfl 2 2 «3E?'i p n SiS©JK:^wi!Ci'£E1~i 
tt9W*2 2bbi«KfC^S. *l/C, SS2©»J 

P n WIS. ^ <& v u*" ./ viia— 'mi* - - *- — - - 

Lffiffi 20Bci!|l © JtJH P n fit* 2 2 0 A <0««f 
9 ir<4fi1"5 p®H«2 0 b b KgSKL-C^S. 
[0116] 06 tC^t Sffi«iiSPtt¥-roJt5lJ P n* 
*fl©H2©ttHpnWt2 2 0Be# 

ai-s»»-e«. pS®«2 0 biw^txy-^mfiSr 

5*s. *«?tt, ^2©3fe?IJpn1»^2 2 0B©5*>- 
<B5»2 2 0 b»pn*55gU*ffi2 0Bb*«Ky7 h» 

2 2 p n m%<ommz.m+z&m% 2 2 b 

b i«gtU-C^*fc». r©-»»2 2 0 bK#**l« 

pS««2 0 bw-r^-c^y-^s&wfi^i-a^ 1 !'^ 

»2»ttWpn*W2 2 0B©5'bttroto£2 2 
0 c © p n»<P EUSffi 2 0 B c 1 ©JEW P n«3t 
2 2 0 A©flia#0 fc«Mt« p«g#2 0 b b £ttft 
ttl'5fcft- £©te©«Sft2 2 0 c»::-£**l5p®1B 

$2 o b©-f^"ca*y-**tt<0ea»wSa 4 $. ^° 

tf. Hl©ttWpn»3t2 2 0A©pSm«2 0bbtt 

[0 117]^Jtli, 6 0 0VStE^7^©MOSFE 

9 ^eM^ri: -5. KMVSl l©tfclSttl40. 0lQ-c 
„, Jf S350vi. Ky7hffl«2 2a&0 t ttW*2 2 
b©^«tli«Sl±2Xl 0 IS cm" 3 , J?££4 0,im, 
•fevi-f 6 t!2 > »fF»lff 5 X 1 
0"" Co" 3 . ir/P tr?* 8 u ■"?*>*. 
©tt$fS$ 2 2 b b ©148(1 4 (i tnt-feS. 
[0118] (*BM 16)026 tt*89!©*«W 1 



8t«*«*MOSFETtJ3lt4 K!J7 hWROWE 

fcaai^tvaB-efca. 4a. 0 2 6 fit k y 7 h 

«©l/4<:»*8B»-e*U-Cfc«. 02 61;:* 

[0 119] *«0lffi*l»f:*rt+5ttWP n** 
h*y 7 HS5 2 2©t?l]p nl»ig©)iffil-*H'Sffi# 
»itSSUT)a6lBl©afc5 , Jpn*Ja3 2 0Ai:, KU7 

fi U5lf52©5fe5iJpn»5g3 2 0Bi:Srf ; *1-4t»'C'fc 
■5. ffil©^Jp nflti£3 2 0A©p nlS^&US^ 
0 A# h*y 7 h »2 2©JfcWp n»ift©*^fli»-tt*+ 

p n»iS3 2 0 B© 5 *>-$B#3 2 0 b © p n^OilL 
*B2 0 B b # K!> 7 h»2 2©aWp n**«P n$! 

p n»it 3 2 0 B© 5 3 2 0 c © p nHQ S 

.^jbk o 0 B " «* 1 <n«fe9IJ o n»it 3 2 0 A ©»K1f 
OlcttB-f 5p3W*2 0 b bCl£&bTv>5. 
[ 0 1 2 0 ] 0 8 tflWBff fllii^li*- 1 "^^ P n » 
igX'ib^fcft, *W=* 2 ©MU p n*5t 3 2 0 B liffl 

pB««2 0bt#u-cy-^«tt* J 

5*5, *fiS|T'tt, *2»iW(lpn»3g3 2 0 B©5t>- 
»»3 2 0 b©pnH»lSUJBiB2 0Bb*5Ky 7h» 
2 2©^?Hp n«ig©P n*"JSLJ8af2 2 Ai»«U 

■ci^fcft, r©-Si55>3 2 0 bt^^^^pffiW^ 2 
ob©t^-c*5y-^«&wgn»y^ * 2 

©t?l|pnfllit3 2 0B©5t>te©95^3 2 0 c©pn 
U»)gL!fflffi2 OBc*5Sl©3fe?lIp n»it3 2 OA© 
fWW9BlttB1-6pa«*2 0 b blc««L-C^*fc 
ft, r«HftO»»3 2 0 cC**il6pa««2 0b© 

^xx^y-^attwen-**^' ^ <) " c - 

*<rt>*tf. ^l©t^Jpn«ii3 2 0A©pS!S« 

2 o b b»y-*«ttea*Rfc urtaau-c^s. 

^ *^©4I^T-^Eyv^^tTttSb^ 

[0121] mm 17)027 it*»a«>aaa 1 

7C«5««MOSFET^ItS Ky7 HWftOWE 

[0122] 0 6 Rt>'0 7 VLirtt%*H 3 OS 

#<?JT-fc5« HaaS-CI*, »EtSit^2 2 0©pni 
^it© P n»9 1 1 f P 2 # K y 7 ^ 2 2 ©t 

?up nw«t©P nacstff/^p ). J: y ta< 

Ir^fcft, Ky 7 h»2 2»*n«©tt«a«2 2 b b 
rolJ¥lcttumi^i-5WE1»®Sl52 2 o©ft^ffl 
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gR 2 2 t REffiitA 2 2 0 £ t ff&Ctfft < 

4 9, *»E«:«»LJlk\ 

[0123] tri?, *Mr-ii, WEttisasi 2 0« P 

n3t5IJ»JSro#«*2 0B, 2 0 b<7)IJ¥liW5tt^ 
trow, Ky7hft2 20£9lpnttftt:JKftt&K!l 

7 HSgffitSE2 2 a tttW®«2 2 belJKAfld'fe 
^WCA»iT}IW (W1~W5) H!»7Hp2 
2 nft*ffla{t<iOWK2 2 b b 0lJ|WMEEfl!£tt 1 2 
0Wftrtffl<Onl!fBJ$2 0 a a<DJWW5.£$L<4o 

fca»-e#, y*tW9,$in 

T, REflfSftl 2 0i: KKy»2 2tOj»Wl 

[0 1 2 4] 0>Jx.ff, 6 0 0VWE^7^WMOSFE 

pfcttSrt*. KKVll 1 OttigftliO. OlQ-c 
m, J?$350mid, Ky7hfiB«2 2a&0 ! ttfSO«lifc2 2 
bOWiiSli2X10" cm- 3 , 1?£4 0<xm. 
1SW1 = 8ah, 1£W2 = 7mih. JIJfW3 = 6/i 
b, I|W4=5pi, m®W5 = 4vnX-S>Z>. WB 
JL, iOU-^ hv^^ro^fc«r, tJHSM, 3. 
5, 3, 2.5, 2 um£tllfiAV N . 
[0 1 2 5] 4*5, p ntt9JftS*£jftr«#lUfittl 

[0126] (MIH 1 80 028 il*89i0£tt01 1 

8 Iwffi 6iSK^M OS FET£*>tt5 Ky 7 h g&&tffiE 
»®95Sr^-f»rEa-C*>5. H2 8fc*N>-CH2 71C* 

[0 12 7] B3 2 7t*t«Jti:«45jjRtt, 
ffil 7as»Efl*i£g|Jl 2 0±(C»^k)K2 3±ro-gR*T- 
ffitf, Ky7h$2 2ro P n£*lJfSii<0*«$2 2a, 
2 2 bOlffttWl ttStWW, WEtSit&l 2 0W 
&*Jpn«&fcJlM*$flWs2 0a l 2 0b»JIIS£y 
-*t«l 7Tti3V^Trtll^6#MBCA»tT*K (W 
1~W5) StfT, SSEfllitSBl 2 0©*rtflfl>nffl« 
«20aa flj Jiff # K !> 7 h » 2 2 Wftftffi!|rott$J®$ 
2 2bbOlfffc»L<«o-CV^. *f*»5»iSTt>. 
0 2 7 £5*t%ltM 1 7 fc|B] t < , WEfcitSfl 1 2 0 fc 
h*y 7 hg|52 2 £ro^#T-rom#^ISlP$ix5fc*. S5 

[0 12 8] 4*i. ±E*Jtfltfl?tt2ltfffiS«>l00 
MOSFET(roPTiaMLfc*5, *%SJ<72^2W3i?lJ 
;r nfljitli I GBT (^g^IBSMO S F E T) , '< 

atJHpn«a-ertft<, *-0*tSMMW>K!/7htt 



[0 12 9] 

[gE<&8)&] OklSffl Lfc <£ 9 (c, ^BHil k y 7 h 
ffiojfl 0 OMEttitAtrien P ntHigXIilg 1 WIS £ 
*2**S!©^l«»*r K-T'LfcBtttWMEi: LTtSlS 

5, 

[0 13 0] (1) KV7 HBOJS] *) tStW p nfltit 
AWtSttT^SfcX). *-7:R»m #iWpnS-& 

B^fefill^ttilU **ffittWii©ifi»i::ise>i\ 

ft£ft^3?2£SfflST-££<tt5roT\ liEtSitaSW 
WEI1KJ) 7 hSsrolffiit) ifot, KU7 

rtl-45fcW, KV7 hU<om\v nst^rotto 5 
Sft-e. SMsMJfMWwBltBi*** 5 **'. 

[0131] ( 2 ) HEffti&ftpQtt&l p n fltitnt K y 
7 hgsro^Jp nflliicfc 0 t^«*l»'><e^»*. X 
tt»E»Jt»»JeWp nllJt* Ky 7 hg(i<Oft?iJ p n$ 
if £ !ii>p n«t>fiuc yxwifci/'w-EK iiEwii&w 
Rffi*rK!>7Hi©«EJ:9t«jlK**<-C#. AM* 

[0132] ( 3 ) mzw&m m p n mrnxm 

teW&Xfoi>%£> Ky 7 h p ntSjfWffMl 

[0133] ( 4 ) ®fflVm<r>®Mm\ p n tSilfc 

m+mm 1 2 «msis«ro 5 

v>«<ifc-#a J . BW©J»*rtiJ«K«i=*»a 

[0 13 4] (5) Ky7 hgPW^Ip ntSig^rffM 
t«IW Ky 7 h«W«ilW«tW*«* J I«-efc5 
jRE»ita5Wt?lJp nttitlt, KJ 7 hgR£0t?i| 
pnflHfitJtLlffi^lftJHTLtMr^h-et, «§E 

SfcJUpnfllUw^UTlifa^UfcWr!? bt-fh 
If, WE»a»©«*|i2*«l!««©t'«T*SKi"f 

[0 13 5] (6) »E«it»«)3t[|IJpn«lWlE 
/i' Ky 7 hffirot^ijp nflliiroJlffilC^UIlS^lf UT^ 
HEPit^ro^lp nfifi^Wp n}St;lL«i K 
y 7 h U<0 &9\ P n »ig(0 p ni^ 9 S USS £ * S ^M U 

g-r s«» i s»«iw«oiffii k y 7 hftottai p 
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P ntuMMH-iiH w ^ vmmmmm 

(0«#i» 5 &fp£ix6fc», BBE*<S#X#6. iS*£. 
i: JK3&$ 2 aHM««5<Olif A s rtfllA^^flil-^tXili 

[0 13 6] (7) KE&a»©tt5flpn*aib 

r . «*<nlSir*rLlIffij5S|&fi£ l/C#6iS 2 ro p 

^7!?hX'li, SlWjtJIJp nfiliiWp nU9EUM 
* K !i 7 Mft<0&9] p n«igW p n » 9 ig UBSBfcSH* 
-f-6i:#l". ^2<75l?iJp nt&i£©p nHfc9iSUSffi& 

f?#fc:&&-t6. *LT. BE«fttt0£5>Jp nfl»itw 
^, ^lro^ip n«liti:$B2roafc?iJp nHHtiTHI 
j« S Jx*«*»IJ:lll l ftt«B 2 »StW p n»lmvfti> 
J: 9 p n*5SUSMUTrt3*3©ttWpn*jifc# 
U SKJM»^pn*»©pn*0BUBiB4Jlfl 
&tHS 2 ©ffi?"J p nfll aS<0^f *t^©fll«lF9 l-filt 

p nfllitwv^-f fuMHWW 9 fcttW*«BS* 2 *« 
gjffi«*D!«ttlB«tt-CfiJfflU wti«wg5«li-5pn 
9 1 UHW»e>*tt««S* 2 ttft&WKMtftttK 

[0137] ( 8 ) mzm&mm p n»a©£ p 

£\ &&#aSfc9 © p ng5^WSatb** s >:# < 46 
[0 13 8] (9) ttWUlW«ffl**t*»*2* 

*fflwt©R*!W£fc-ca>o-c. sens* i mvmmt 
mm 2mm&t omk* 1 mm^mtm 2 

[0139] (10) BE»it»0>* 1 iHWfc K y 7 



^ 2 MSMCittf 2 *«s«e y v^tft 
[0140] (id ^2mmmz'jyi r <o^mM 

[0 14 1] (12) BE*ii»®tt*lpn 

tmm i *tsw*fc*«* 2 tttsifftto 5 *>, 

pn«*0*tft«rB*ri:*-C*. *REM»6 
.->*M**6. $HMfliS©SIW!lil/C, ***R<0* 
n WKfttf p * Wfcht* 

p STMft t n t OVUft&mz K-7 Lfc* 

ffi^«lwffi^LXP6. WB$i§SM 5 -»£?4«fS 

[0 14 2] (13) J(Sl±ffitttfittli:<0M^fi 
U BE«ita5©^^««l»tS! ro ®StnB^* 

pn#9EL«ffiaMIfc*lT^6WC\ »ti*«tS:»IW 
[0 14 3] (14) *«fl«JlBSJWIpnWtW*l* 

* *s/t**HK* 1 wmfi»^i«*^ *vaow 2 

<n% 1 03F»**A«fttfllS 2 w^^*AS«T^ LT 

k 1 *is«« 4 ibwr 2 mmm t 

*?*Jllt*<Dtt*l p nWitSlit+^tWi®* 1 s 

n»igSr^-r^#«5ffl«» 1 2 » TUftUMB 
©igi-ftlcM:LJ(5< Lfc»*. B^«H«»ttWp n 

ii 9 ig L f 7 K y 7 h SB©!? 1 ! P n PiiSr^t- 1 

# iSirog 1 2 <d*«!|WIA8<0* 9 1 1 f 7 ^ 
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[0 144] (15) gilwKig^ffii: LTIi, 

1 leg 1 *tS©Wt*4 ro±ffi^t»At5 fc* 

Id* 2 *«l!a?Mft 4 *y *SttttC£K L 

ffi 2 fl)T«*»7JKft^ L-ca^«Jl-#At5lSi . 

/u**lK«ALfc*M**lltt»S*T, 

eyfj! h'y 7 hfffOgftp n IBH® 
fll 2 07MMMKMl«>C-4«fttW9 S t f Kit L> 

Sfcfl p n fltitell 5 £ L t* y K y 7 h SPW P n 
*OStWp n»it<0p n ttKHMIfcllW 

[Hffi»IB*4ttWl 

[HI] (a) tt*J8WWl!16Wltff.5l»^MOSF 
H. (b) It (a) $<DA-A' lUCSctflilfcR 
[0 2] (a) 711 (d) ttSOIW 1 ©KJt**©#I 

[03] UteflUfcfcrtaWE (Vks ) WMUp nfll 
gro*$^«g<D##tt&*t#t£0 ■?*>*>,. 

[04] (a) li*38W©SIJ£^2l^5JS0gMOSF 
ETlCfcltS Ky 7 ht|5&tflS*ftJS85&*tg|5#¥ffi 
0, (b) 1404 (a) tfWA-A' 8Mefco-C$»rL 
fc^(iSr^1-»rS0-efc5. 

[05] (a) 751 (d) tt3t*«2©IU6#tt«)*-I 
S»rffi0-eib?», 

[06] Wf&flifl 3 ICffi 5«J^M 0 S F E T W3 
it 5 Ky 7 hffi&t/lR^^WSr^t aMWHEH-Cfc 
5. 

[07] 06*©A-A' llfcftoTWKLfcWB** 
1-©iffi0T-fc6. 
[08] *»B©**«4|£«SK0BMOSFETK:*J 

its h*y 7 h»fttf***j5»fcsmiJ£¥iiBi-e* 

[09] 08t©B-B' ^KfioTWLfcW^ 
t»rffi0T*fo5. 
[010] *»H©**«5fc*6«»MOSFET£ 



fcltS Ky 7 h^Sa'S-^^^^^ttHrSH-C-foSo 
[011] (a) 751 (c) li**W5WKit*ftK*j 

[012] (d) (e) l*MI«5©Kit*JfcK:*i 

[013] *£9l0%ft0!l 6 S F E TIC 

fcltS Ky 7 HBXt«R^^ja!»«:*+*riBBT?*>5. 

[014] *Wi<n%%W 1 &&Z>ft&MO S F E TIC 
fcltS Ky 7 Hg|5St;^f-^ISa55:*-t'B'rffi0t*fci. 

[015] *»W©*Ht^ 8 m S F E TIC 

fcit* Ky 7 hat&tf**ftjiia$**t»f®0"e*>$. 

[016] #89]a&lK01 9 mZmiMO S F E T IC 
*J»t6 Ky 7 h*at«WWWB**tTOB-C*>6. 
[017] *%^WHJfi^l 1 0 mZWPMO S F E T 

tc*sit* Ky 7 bum^mm^tw-mmh 

[018] *«WroHffiW 1 1 lC$S8E#MO S F E T 

ic*sits Ky 7 mRri^mm^t^mm-h 
a. 

[019] 018<P©A-A' «l:fiotfl»LtiiS 

. . — . 1 „/ u\ . -r*vnnm 

|S3Tfc<). HZUUiai8T»- | D-D wmo-j^ivi 

Ufc»r®0T*fc5. 

[02 0] 018*C9B-B' Kffi-3T$]»rLfcWrffi0 

[021] ^gHaSttffl 1 2 tff.«««MO S F E T 
icfclti Ky7 hmVMWffitt&ir^mX'k 

4. 

[02 2] 02 1«PWC-C' Ulcffio-CWtSrLfcBr® 
0-Cfc*. 

[023] 023 |i#3SW WJUStfl 1 3 [Z&Zffl&MO 

sFETicfcits v'jymRxfXWMiwtw-m 

0-?fcS. 

[024] *J8W©jQ(S« 1 4 tC&S80gMO S F E T 

cart* Ky 7 hffi&o'm*ftjagii&^-f ¥ffi0x-fc 

[025] *gfflOJBMI 1 5 |C$Si»10 S F E T 

icjsit* Ky 7 h»fttfiffi*3t»*^¥ifiB?* 

[026] mmm&w i 6 ic^s^mo s f e t 
ic*5»t5 Ky 7 bmTim®%m*+¥mx**> 
a. 

[02 7] *%^ro*»Jl 7lC#.*»MOSFET 
Icfclt* Ky 7 hS5RO t KEfll3iti5*^1"»Tffi0T-*) 

[028] #J5H©iaS« 1 8 |:«iWMO S F E T 

ic*sit£ h*y 7 bmxfmmmm^-rmmx'h 

4. 

[02 9] ft£W*-*tt3!© Ky 7 H*fto»*M 
0 S F ET&ftt UftJSOffiSiX'kb. 
[03 0] C6*03t?IJp nPit© Ky 7 H*»o*Jg 
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MO S F E T Sr^tffi^Wffiia t-fc6o 

1 i.-n + KH^I 
1 2 e -f^'MS^ 

1 3 a»-K*IMW*0p*-*W* (P 

1 4---n f y~ 

i 7-y-*«ffi 
i9aHiMftiw 

2 0, 1 2 0, 2 2 0, 3 2 0, 4 2 0, 5 0 0, 5 2 
0, 6 20, 7 20, 8 20, 9 2 (* 

20a, 20a a, 20ab, 20bb, 4 2 0 a, 5 
00a, 5 2 0 a, 6 2 0 a, 7 2 0 a, 9 2 0 a-n 

_ - . . .«^v, r L C 

20b, Z U D a , zudd, •* * v u , « v ~ ~ , ~ 
20b, 6 2 0 b, 7 2 0 b, 9 2 0 b-p- 



2 0c-p§!^ffy^^ 

20A, 20B, 20Bb, 2 OBc-p n»0iStS 



Kl)7hS5 

2 2a, 122 a -pffiK!J7h«8W* 
2 2b, 2 2b, 1 2 2b-nfittWW* 
2 3-IWUi 

2 4, 4 2 4-nfflfflSttMMW 

2 4 a-f-t*^ hs"<- 
2 

26-p + aS'^MMfc 

3 0-na»tt*©*^*^^*** 
3 2,3 7-U"^* 
32a, 32b, 32c, 37a, 3 

3 3 -UK** 

3 4-$lS J ? 1 

3 S-*****"^ 

5 0 0 c-SSttttW* 

0 9HA. a 2 0A-*l©JtWp nfllJfi 

2 20B, 3 2OB-'-JB20)SEfflp nfllS 

PI, P2-»9fiUtTyf' 

W1-W5-JD? 
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(72)3BW# ±* AA 

*$JilJ»iMFf|fJi|ft EBiStfB 1 * 1 # 

(72)»W# *B *j» 

WK/ilJIUilNFrlTjilltKBiSffB 1 # 1* 



(72)»H# m it 

»*;i|JWlW*JlWFKHa*fH 1 s 1 °r 

(72)»»t jf SI 

»s;njwii«mfjiii*izfflia*rffl 1 * 1 # 



